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Abstract: IL-6 has been reported to have neuroprotective effects against cerebral ischemia while IL-8 is a pro 
inflammatory cytokine structurally related to interleukin-1 family. In the present study, we tried to determine whether 2% 
Creatine monohydrate supplementation for variable duration influence the IL-6 and 18 concentrations in the serum of 
male albino mouse following right common carotid artery ligation and hypoxia (8% oxygen) for 25 minutes. Our result 
revealed that serum concentration of IL6 (P=0.0001) as well as IL-18 (P=0.003) were significantly higher in mice 
supplemented with creatine monohydrate for 15 weeks than in male albino mice on normal rodent diet following hypoxic 
ischemic insult indicating that long term creatine monohydrate supplementation up regulates the IL-6 and IL-18 
concentrations triggering the neuroinflammatory and neuroprotective responses.  
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INTRODUCTION 
 
During delivery or gestation the accidental asphyxia of 
infants or perinatal hypoxia ischemia (HI) is a common 
cause of neurological deficit and delayed behavioral and 
cognitive deficits (Kaltschmidt et al., 1994). Cerebral 
hypoxia means reduction of O2 content in blood and 
ischemia characterized any insult that leads to reduction 
in cerebral blood flow partially or completely (Budd, 
1998). Neonatal HI is a major cause of morbidity and 
mortality in infants and is occurs around 2 to 4/1000 full 
term births. Between 20 to 50% of asphyxiated newborns 
die within the neonatal period and up to 25% of the 
survivors exhibits morbidity, such as cerebral palsy, 
mental retardation and epilepsy (Paula et al., 2009).  
 
Creatine and phosphocreatine play a vital role in the 
transmission and storage of phosphate bound energy 
(Bianchi et al., 2000). Liver, pancreas and kidney 
synthesize approximately 2% of the total body creatine 
while 98% of creatine is taken with food. Creatine is 
naturally present in meat and to some extent in green 
leaved vegetables. 60% of creatine found in the body is in 
the form of creatine phosphate (Iqbal et al., 2013; Iqbal et 
al., 2014; Iqbal et al., 2015). Creatine shows protective 
effects in acute neuronal damage models, such as 
traumatic brain injury (Sullivan et al., 2000) and stroke 
(Zhu et al., 2004). In neurodegenerative animal models, 
creatine supplementation has been revealed to reduce 
oxidative stress, improve brain functioning and attenuate 
neuronal disintegration (Andreassen et al., 2001; 
Dedeoglu et al., 2003; Hersch et al., 2006). Despite of 

extensive studies on creatine and its neuroprotective 
effects, little information is available regarding the effect 
of creatine monohydrate supplementation on blood 
chemistry following hypoxic ischemic encephalopathy. 
 
Interleukin 6 (IL-6) is a cytokine originally recognized as 
a T-cell derived factor regulating B-cell differentiation 
and growth (Hirano et al., 1986) exerting numerous 
biological effects in vivo and its down regulation 
underlies several disease processes (Xu et al., 1997). IL-6 
is mainly involved in the inflammatory reactions, which 
contribute to both injury and repair process after cerebral 
ischemia (Suzuki et al., 2009). The pro inflammatory 
cytokine IL-18 is a member of interleukin-1 family 
(Okamura et al., 1995; Bazan et at., 1996). It is produced 
by immune as well as by non immune cells such as 
macrophages, dendritic cells, Kupffer cells, keratinocytes, 
osteoblasts, adrenal cortex cells, intestinal epithelial cells, 
microglial cells and synovial fibroblasts (Stoll et al., 
1997, 1998; Udagawa et al., 1997; Conti et al., 1997., 
Pizarro et al., 1999; Prinz et al., 1999; Gracie et al., 1999; 
Matsui et al., 1997). IL-18 effects are complex and 
pleiotropic including T cells activation and natural killer 
cells in autoimmune disorders (Reddy, 2004). It has been 
reported that IL-18 is involve in delayed 
neuroinflammatory events after HI brain injury (Wheeler 
et al., 2003; Jander et al., 2002; Allan and Rothwell, 
2001). Aim of this study was to demonstrate whether 2% 
Creatine monohydrate (Cr) supplementation influence 
neuroprotective role of IL-6 and 18 in male albino mouse 
following right common carotid artery ligation and 
hypoxia (8% oxygen) for 25 minutes. 
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MATERIALS AND METHODS 
 
Male albino mice (N=30) were used during the present 
study. Breeding pairs of mice were purchased from 
Veterinary Research Institute, Ghazi road, Lahore and 
maintained in cages provided with wood chips and cotton 
piece at the core animal facility at the Bio park of 
Bahauddin Zakariya University, Multan (Pakistan). 
Albino mice were kept in separate cages with free access 
to water and standard rodent diet throughout the 
experimental duration. Room temperature was maintained 
at 22±1°C and relative humidity was 50±10%. The 
light/dark rhythm was 14:10. All the experimental 
procedures and mouse handling protocols were approved 
by the ethical committee of Institute of Pure and Applied 
Biology, Bahauddin Zakariya University, Multan. 
  
Murine model of hypoxia-ischemia encephalopathy 
On postnatal day 10 of pups, corresponding to the brain 
development of 40 weeks gestational age in human fetus 
(Romijn et al., 1991; Allahyar et al., 2015), 3% isoflurane 
inhalation was used for anesthetization of pups. A right 
lateral neck incision was made and polypropylenedalcon 
USP 6 suture was used for the ligation of right common 
carotid artery. During surgery pups were placed on a hot 
plate, maintaining 36°C temperature. The whole surgical 
process was accomplished within 10 minutes after that 
pups were placed for 30min with in their dams for nursing 
and recovery. Then mice were kept for 25min in a 
hypoxic chamber maintaining with steady flow of 8% 
oxygen balanced with Nitrogen. The hypoxic chamber 
was placed on hot plate for maintain the 36°C ambient 
temperature inside the chamber. Pups were taken back to 
their mothers after hypoxic insult, for recovery. Following 
weaning on postnatal day 20, mice were separated from 
their parents and housed in individual cages. Control 
groups were fed with standard rodent diet while 
experimented treatments received 2% creatine 
monohydrate supplemented diet (Ssniff, Germany) for 8, 
12 and 15 weeks 
  
IL-6 and IL-18 demonstrations 
At the end of each diet supplementation experiment, 
blood was sampled from retro-orbital sinus under 
Isoflurane inhalation. Blood was centrifuged for ten 
minutes at 13000 rpm and plasma was separated for 
biochemical analysis of interleukin. IL-18 was determined 
in serum by using enzyme-linked immuno absorbent 
assay (ELISA) and IL-8 diagnostic Kit (MBL, Japan). 
While IL- 6 was measured by enzyme-linked 
immunoabsorbent assay, using Mouse 1L-6 antibody pair 
(Invitrogen, California. Catalog No. CMC0063) following 
the instruction of manufactures. 
 
STATISTICAL ANALYSIS 
 
All the data is expressed as Mean ± Standard deviation. 
Statistical package Minitab (version 13, Pennsylvania) 

was used for the analysis of results. 2 sample t-test was 
applied to compare ILs concentrations between creatine 
monohydrate treated and untreated groups following 
hypoxia ischemia encephalopathy.  
  
RESULTS 
 
Our results indicated that supplementation of 2% creatine 
monohydrate following HI did not affected IL-6 
concentrations after 8 (P=0.096) and 12 (P=0.778) weeks 
but IL-6 concentration was significantly higher 
(P=0.0001) in 15 weeks creatine monohydrate treated 
male albino mice as compared to their creatine 
monohydrate untreated control group indicating a time 
dependent change in IL-6 concentrations following 
hypoxic ischemic insult (fig. 1). An exactly similar trend 
was observed for IL-18 concentrations having no 
significant effect of creatine monohydrate 
supplementation after 8 (P=0.953) and 12 (P=0.895) 
weeks but significant increase in IL-18 concentration 
(P=0.003) was observed in creatine monohydrate treated 
group as compared to male albino mouse on normal 
rodent diet after brain damage (fig. 2). 

 

Fig. 1: Comparison of IL-6 concentrations between 
creatine monohydrate treated (for 8, 12 and 15 weeks) and 
untreated male albino mice.  
P<0.001 = highly significantly different (***) 
  
DISCUSSION 
 
Neuroinflammation has been extensively investigated 
following hypoxia-ischemia in both humans and animal 
models and all these studies have reported a robust 
elevation of cytokines in the CNS (Morganti-Kossmann et 
al., 2007; Ziebell and Morganti-Kossmann 2010; Frugier 
et al., 2010; Xia et al., 2010; Macrez et al., 2011). In 
order to find out the potential effect of creatine 
monohydrate supplementation on interleukin 
concentrations in serum, we supplemented male albino 
mouse with 2% creatine monohydrate in diet for variable 
time duration (8, 12 and 15 weeks) following neonatal 
asphyxia on postnatal day 10.  
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IL-6 might directly involved in infarct pathogenesis, or is 
simply a marker of central nervous system‘s 
inflammatory injury and it has been reported previously 
that permanent focal cerebral ischemia results in a 
dramatic increase in brain IL-6 activity in rats (Wang et 
al., 1995), and transient global ischemia in gerbils (Saito 
et al., 1996). Infants’ identified with hypoxia ischemia 
encephalopathy has also represented elevated 
concentrations of IL-6, IL-1b and tumor necrosis factor- α 
in the cerebrospinal fluid when compared to control 
infants (Aly et al., 2006). We have also observed that 
there is a gradual increase in serum IL-6 levels from 8 to 
15 weeks in hypoxia ischemia insulted male albino mice. 
IL-6 concentrations were higher in Cr treated males with 
the highest concentrations observed in 15 week treatment 
group (fig. 1) indicating that IL-6 concentration increases 
with the duration of creatine monohydrate 
supplementation. IL-6 is known to have both neurotrophic 
and neuroprotective affects and its increased production is 
might be involved in the repair process and this cytokine 
is playing an important role as endogenous inhibitor of 
neuronal death after ischemic brain damage (Chiesa et al., 
2003; Loddick et al., 1998). 

 
Fig. 2: Comparison of IL 18 concentrations between 
creatine monohydrate treated (for 8, 12 and 15 weeks) and 
untreated male albino mice. 
P<0.001 = significantly different (**) 
  
IL-18 is a pro-inflammatory cytokine of the IL-1 family 
and its receptors are expressed in the CNS where they 
participate in neuro-inflammatory/neurodegenerative 
processes but also influence homeostasis and behavior 
suggested (Alboni et al., 2010). We have also observed 
that there is a gradual increase in serum IL-18 levels from 
8 to 15 weeks in hypoxia ischemia insulted male albino 
mice. IL-18 concentrations were higher in creatine 
monohydrate treated males with the highest 
concentrations observed in 15 week treatment group (fig. 
2) indicating that IL-18 concentration increases with the 
duration of creatine monohydrate supplementation. It has 
been reported that after cerebral ischemia IL-18 level is 
increased but the functional role of IL-18 in cerebral 
ischemia is unidentified (Allan and Rothwell, 2001). 
Probably IL-18 is contributing to delay neuronal injury 

and/or repair (Liu et al., 1993; Zhang et al., 1998; 
Touzani et al., 1999). Hedtjärn et al., 2002, had suggested 
that IL-18 is participated in immature brain’s white matter 
pathologies as in IL-18-deficient mice, white matter 
injury was significantly reduced when compared with 
wild mice after HI). Further evidences were documented 
by an activation of IL-18 in the brain of mice that 
underwent thromboembolic stroke (Abulafia et al., 2009), 
or enhancement of IL-18 levels in the juvenile 
hippocampus of mice after hypoxia-ischemia (Qiu et al., 
2007). IL-18 appears to be a negative factor in brain 
recovery from asphyxia as it is known to delay the 
inflammatory response indicating that Il6 and 18 
cytokines are playing variety of roles in neuronal 
mortality as well as in rescuing them. Recently we have 
conducted a similar study in female albino mice to 
determine the effect of variable concentration of creatine 
monohydrate on IL-6 and IL-18 concentrations following 
HI insult (Allahyar et al., 2014). Results indicated a high 
concentration of IL-6 and lower concentration of IL-18 in 
3% Cr supplemented mice indicating that creatine is 
regulating the levels of both cytokines to protect the brain 
from HI damage. 
  
CONCLUSION  
 
We concluded that IL-6 and 18 are actively involved 
during the process of hypoxia ischemia mediated brain 
damage and in the recovery process. Concentration of 
both interleukins increased in a time dependent manner 
with maximum levels observed after 15 weeks of creatine 
monohydrate supplementation indicating that creatine 
monohydrate is up regulating the IL6 and 18 depended 
cascades in order to neutralize the brain damage on post 
natal day 10 in male albino mice as both interleukins are 
known to be associated with neuroprotection. 
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